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(54) IMAGE PICKUP DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an image pickup 
device which can accurately restore a deteriorated 
photographed image into an original image regardless of 
the characteristic of a photographing optical system. 
SOLUTION: An image pickup device is provided with a 
CCD 9 which photographs the image of an object that is 
made incident via an optical system 7, an object position 
detector 13 which detects the distance between the 
object and the system 7, a control part 1 2 which detects 
the focal distance of the system 7, a corrected matrix 
memory 1 7 which stores the corrected data 
corresponding to the combinations of plural distances 
between the object and the system 7 and plural focal 
distances, and a corrected image generation part 18 
which reads the corrected data corresponding to the 
distance between the object and the system 7 and the 
focal distance of the system 7 which are detected by 
the detector 1 3 and the part 1 2 respectively out of the 
memory 1 7 and then corrects the image photographed 
by the CCD 9 based on the read corrected data. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Photography optical system and an image pick-up means to picturize the body image 
of the photography photographic subject by which incidence is carried out through this 
photography optical system, A photographic subject location detection means to detect the 
distance between said photography optical system and photography photographic subjects, A 
storage means by which the amendment data corresponding to the combination of two or more 
distance between a focal distance detection means to detect the focal distance of said 
photography optical system, and said photography optical system and photography photographic 
subject, and two or more focal distances were memorized, The distance between said 
photography optical system and photography photographic subjects which were detected by said 
photographic subject location detection means and said focal distance detection means, And 
image pick-up equipment characterized by providing a degradation image amendment means to 
perform amendment processing to the body image which read the amendment data 
corresponding to the focal distance of photography optical system from said storage means, and 
was picturized by said image pick-up means using this read amendment data. 
[Claim 2] Said photography optical system, a photography photographic subject and the distance 
information between said image pick-up means, the focal distance information on said 
photography optical system, and the optical-system information on the design about said 
photography optical system are used. The ideal image information which carries out image 
formation to said image pick-up means theoretically from the spatial-frequency information on 
the same photography photographic subject when said photography optical system is in a focus 
condition by count, Image pick-up equipment according to claim 1 characterized by obtaining the 
degradation image information which carries out image formation to said image pick-up means 
theoretically when said photography optical system is in the condition of not focusing, and asking 
for said amendment data by count from these ideal image information and degradation image 
information. 

[Claim 3] Photography optical system and an image pick-up means to picturize the body image 
of the photography photographic subject by which incidence is carried out through this 
photography optical system, A focal distance detection means to detect the focal distance of 
said photography optical system, and a focal distance change means to change the focal 
distance of said photography optical system, A photographic subject location detection means to 
detect the distance between said photography optical system and photography photographic 
subjects, A focal distance output means to output the set point of the focal distance given to 
said focal distance change means, A storage means by which the amendment data corresponding 
to the combination of two or more distance between said photography optical system and 
photography photographic subjects and two or more focal distances were memorized, The 
distance between said photography optical system and photography photographic subjects which 
were detected by said photographic subject location detection means and said focal distance 
detection means, And the amendment data corresponding to the focal distance of photography 
optical system are read from said storage means. It has a degradation image amendment means 
to perform amendment processing to the body image picturized by said image pick-up means 
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using this read amendment data. The ideal image information of the image when carrying out 
image formation of the same photography photographic subject to said image pick-up means, 
when said photography optical system is in a focus condition, The degradation image information 
of the image when carrying out image formation to said image pick-up means, when it is in the 
condition of not focusing, under the distance A of the arbitration from said photography optical 
system to a photography photographic subject is actually obtained. Image pick-up equipment 
characterized by asking for said amendment data under the distance A of the arbitration from 
said photography optical system to a photography photographic subject by count from these 
ideal image information and degradation image information. 

[Claim 4] Said storage means has amendment data corresponding to the combination of two or 
more distance between said photography optical system and photography photographic subjects, 
and two or more focal distances of said photography optical system. Said degradation image 
amendment means Image pick-up equipment according to claim 3 characterized by performing 
amendment processing to the body image picturized with said image pick-up means using the 
amendment data read from said storage means based on the focal distance information which 
the distance information which said photographic subject location detection means searched for, 
and said focal distance output means outputted. 



[Translation done.] 
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* NOTICES * 

JPO and NCIP1 are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to image pick-up equipment. 
[0002] 

[Description of the Prior Art] In the image pick-up equipment of a photographic subject, in order 
to prevent a photographic subject image deteriorating with the property of photography optical 
system at the time of photography, a certain approach is used. For example, by arranging 
combining two or more lenses suitably, aberration of a lens is lessened as much as possible, and 
there are some which meant suppressing degradation of the photographic subject image at the 
time of photography. Moreover, in order to double the focus of a lens, there is also image pick- 
up equipment which used the automatic focus device. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned conventional image 
pick-up equipment, when a cheap lens was combined suitably, the image which deteriorated was 
not able to be restored correctly. Moreover, when an expensive lens is combined, the whole 
photography optical system will become big. Moreover, in order to acquire a good focus 
condition, expensive AF device had to be used. 

[0004] The image pick-up equipment of this invention is made paying attention to such a 
technical problem, and the place made into the purpose is irrespective of the property of 
photography optical system to offer the image pick-up equipment which can restore the 
picturized degradation image to the original image correctly. 
[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the image 
pick-up equipment concerning the 1 st invention Photography optical system and an image pick- 
up means to prcturize the body image of the photography photographic subject by which 
incidence is carried out through this photography optical system, A photographic subject location 
detection means to detect the distance between said photography optical system and 
photography photographic subjects, A storage means by which the amendment data 
corresponding to the combination of two or more distance between a focal distance detection 
means to detect the focal distance of said photography optical system, and said photography 
optical system and photography photographic subject, and two or more focal distances were 
memorized, The distance between said photography optical system and photography 
photographic subjects which were detected by said photographic subject location detection 
means and said focal distance detection means, And the amendment data corresponding to the 
focal distance of photography optical system are read from said storage means, and a 
degradation image amendment means to perform amendment processing to the body image 
picturized by said image pick-up means using this read amendment data is provided. 
[0006] Moreover, the image pick-up equipment concerning the 2nd invention is set to the image 
pick-up equipment concerning the 1 st invention. Said photography optical system, a photography 
photographic subject and the distance information between said image pick-up means, the focal 
distance information on said photography optical system, and the optical-system information on 
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the design about said photography optical system are used. The ideal image information which 
carries out image formation to said image pick-up means theoretically from the spatial- 
frequency information on the same photography photographic subject when said photography 
optical system is in a focus condition by count, When said photography optical system is in the 
condition of not focusing, the degradation image information which carries out image formation to 
said image pick-up means theoretically is obtained, and it asks for said amendment data by 
count from these ideal image information and degradation image information. 
[0007] Moreover, an image pick-up means to picturize the body image of the photography 
photographic subject with which incidence of the image pick-up equipment concerning the 3rd 
invention is carried out through photography optical system and this photography optical system, 
A focal distance detection means to detect the focal distance of said photography optical 
system, and a focal distance change means to change the focal distance of said photography 
optical system, A photographic subject location detection means to detect the distance between 
said photography optical system and photography photographic subjects, A focal distance output 
means to output the set point of the focal distance given to said focal distance change means, A 
storage means by which the amendment data corresponding to the combination of two or more 
distance between said photography optical system and photography photographic subjects and 
two or more focal distances were memorized, The distance between said photography optical 
system and photography photographic subjects which were detected by said photographic 
subject location detection means and said focal distance detection means, And the amendment 
data corresponding to the focal distance of photography optical system are read from said 
storage means. It has a degradation image amendment means to perform amendment processing 
to the body image picturized by said image pick-up means using this read amendment data. The 
ideal image information of the image when carrying out image formation of the same photography 
photographic subject to said image pick-up means, when said photography optical system is in a 
focus condition, The degradation image information of the image when carrying out image 
formation to said image pick-up means, when it is in the condition of not focusing, under the 
distance A of the arbitration from said photography optical system to a photography 
photographic subject is actually obtained. It asks for said amendment data under the distance A 
of the arbitration from said photography optical system to a photography photographic subject 
by count from these ideal image information and degradation image information. 
[0008] In the image pick-up equipment which the image pick-up equipment concerning the 4th 
invention requires for the 3rd invention moreover, said storage means It has amendment data 
corresponding to the combination of two or more distance between said photography optical 
system and photography photographic subjects, and two or more focal distances of said 
photography optical system. Said degradation image amendment means Amendment processing 
is performed to the body image picturized with said image pick-up means using the amendment 
data read from said storage means based on the focal distance information which the distance 
information which said photographic subject location detection means searched for, and said 
focal distance output means outputted. 

[0009] That is, the image pick-up equipment concerning the 1 st invention detects the focal 
distance of said photography optical system with a focal distance detection means while 
detecting the distance between said photography optical system and photography photographic 
subjects with a photographic subject location detection means in picturizing the body image of 
the photography photographic subject by which incidence is carried out through photography 
optical system with an image pick-up means. Moreover, the amendment data corresponding to 
the combination of two or more distance between said photography optical system and 
photography photographic subjects and two or more focal distances are memorized for the 
storage means. And the amendment data corresponding to the distance between said 
photography optical system and photography photographic subjects which were detected by said 
photographic subject location detection means and said focal distance detection means, and the 
focal distance of photography optical system are read from said storage means, and a 
degradation image amendment means is made to perform amendment processing to the body 
image picturized by said image pick-up means using this read amendment data. 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_eije 



2006/08/04 



JP.09-074514.A [DETAILED DESCRIPTION] 



3/10 v 



[0010] Moreover, the image pick-up equipment concerning the 2nd invention is set to the image 
pick-up equipment concerning the 1st invention. Said photography optical system, a photography 
photographic subject and the distance information between said image pick-up means, the focal 
distance information on said photography optical system, and the optical-system information on 
the design about said photography optical system are used. The ideal image information which 
carries out image formation to said image pick-up means theoretically from the spatial- 
frequency information on the same photography photographic subject when said photography 
optical system is in a focus condition by count, When said photography optical system is in the 
condition of not focusing, the degradation image information which carries out image formation to 
said image pick-up means theoretically is obtained, and it asks for said amendment data by 
count from these ideal image information and degradation image information. 
[001 1] Moreover, the image pick-up equipment concerning the 3rd invention detects the 
distance between said photography optical system and photography photographic subjects with a 
photographic subject location detection means while detecting the focal distance of said 
photography optical system with a focal distance detection means in picturizing the body image 
of the photography photographic subject by which incidence is carried out through photography 
optical system with an image pick-up means. At this time, the set point of the focal distance 
outputted by the focal distance output means is given to a focal distance change means, and the 
focal distance of said photography optical system is changed. Moreover, the amendment data 
corresponding to the combination of two or more distance between said photography optical 
system and photography photographic subjects and two or more focal distances are memorized 
for the storage means. And the amendment data corresponding to the distance between said 
photography optical system and photography photographic subjects which were detected by said 
photographic subject location detection means and said focal distance detection means, and the 
focal distance of photography optical system are read from said storage means, and a 
degradation image amendment means is made to perform amendment processing to the body 
image picturized by said image pick-up means using this read amendment data. The ideal image 
information of the image when carrying out image formation of the same photography 
photographic subject to said image pick-up means at this time, when said photography optical 
system is in a focus condition, The degradation image information of the image when carrying out 
image formation to said image pick-up means, when it is in the condition of not focusing, under 
the distance A of the arbitration from said photography optical system to a photography 
photographic subject is actually obtained. It asks for said amendment data under the distance A 
of the arbitration from said photography optical system to a photography photographic subject 
by count from these ideal image information and degradation image information. 
[0012] In the image pick-up equipment which the image pick-up equipment concerning the 4th 
invention requires for the 3rd invention moreover, for said storage means The amendment data 
corresponding to the combination of two or more distance between said photography optical 
system and photography photographic subjects and two or more focal distances of said 
photography optical system are memorized. Said degradation image amendment means is made 
to perform amendment processing to the body image picturized with said image pick-up means 
using the amendment data read from said storage means based on the focal distance information 
which the distance information which said photographic subject location detection means 
searched for, and said focal distance output means outputted. 
[0013] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained to a 
detail with reference to a drawing. Drawing 1 is the block diagram showing the configuration of 
the image pick-up equipment concerning the 1st operation gestalt of this invention. In this 
drawing, the photography optical system 7 is arranged at the position which can photo the 
photography photographic subject 1. This photography optical system 7 consists of a diaphragm 
driver 3 which drives the field diaphragm 2 and this field diaphragm 2 for adjusting the flux of 
light from the photography photographic subject 1, a lens driver 5 which drives a lens (moving 
lens) 4 and this lens 4, and controls a focal distance, and a focal distance setting circuit 6 which 
sets up a focal distance. 
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[0014] Moreover, the photography optical system 7 is adjoined, the rotation color filter 8 which 
consists of a color filter of R (red), G (green), and B (blue) is arranged, and CCD9 as an image 
pick-up means for detecting the light which penetrated the lens 4, pre amplifier 14, A/D 
converter 15, and the frame memory 16 are connected to this rotation color filter 8 in order. A 
frame memory 16 is connected to the 1st input section of the amendment image generation 
section 18 as a degradation image amendment means to generate an amendment image, and the 
output section of this amendment image generation section 18 is connected to the display 19 for 
displaying the generated amendment image. 

[0015] Moreover, the amendment matrix memory 17 as a storage means consists of amendment 
matrix memory 1 7a for R (red), amendment matrix memory i 7b for G (green), and amendment 
matrix memory 17for B (blue) c, and the 1st input section and 2nd input section are connected 
to the control section 12. The 1st input section receives the RGB selection signal for choosing 
one from from among three amendment matrix memory 17a, 17b, and 17c, and the 2nd input 
section receives the focal distance information f. Moreover, the 3rd input section of the 
amendment matrix memory 1 7 is connected to photographic subject location detection 
equipment 13 so that it may receive the photographic subject positional information q, and the 
output section is connected to the 2nd input section of the amendment image generation section 
18. Photographic subject location detection equipment 13 and the control section 12 constitute 
a detection means to detect the optical parameter (the photographic subject positional 
information q and focal distance information f) which determines the property of the photography 
optical system 7. 

[0016] Furthermore, the control section 12 is connected to the focal distance setting circuit 6 
connected to the above-mentioned diaphragm driver 3 and the lens driver 5, the color filter 
driver 10 for driving the rotation color filter 8, and the CCD driver 1 1 for driving CCD9. 
[0017] Amendment matrix memory 17a for R (red) of the above-mentioned amendment matrix 
memory 17, Although the amendment matrix for R as amendment data for amending the image 
which deteriorated, respectively, the amendment matrix for G, and the amendment matrix for B 
are searched for beforehand and memorized by amendment matrix memory 1 7b for G (green), 
and amendment matrix memory 17for B (blue) c The calculation approach of this amendment 
matrix is explained below. 

[0018] Drawing 2 shows the configuration for computing such an amendment matrix, and 
possesses the amendment matrix study circuit 20 which calculates an amendment matrix by 
study described below in response to the degradation image and ideal image as study data, and 
the amendment matrix memory 21 for memorizing the amendment matrix searched for. Here, an 
ideal image uses the pattern information which can express the spatial-frequency information on 
the flat surface which intersects perpendicularly with an optical axis as shown in drawing 7 (a) - 
(c) as an example. The amendment matrix explained in full detail below will become more proper, 
so that the number of patterns of the ideal image to be used is made [ many ]. Below, this 
number of patterns is expressed as P. Moreover, a degradation image is the image information 
for which it asked by count from said pattern information which is ideal image information using 
the distance information between said photography optical system 7 and photography 
photographic subjects 1 which photographic subject distance detection equipment 13 detected, 
the focal distance information on said photography optical system 7 which the focal distance 
setting circuit 6 set up, and the optical information on the design about said photography optical 
system 7. 

[0019] When the original image deteriorates by generally picturizing through photography optical 
system, the multiplication of the predetermined amendment matrix V is carried out to 
degradation image g (r), and it is the amendment image fc. It is known by obtaining (r) that the 
original image can be restored. 
[0020] 

fc (r) =Vxg (r) — (1) 

How to ask below for this amendment matrix V is explained. Here, as optical data on the design 
beforehand obtained about known photography optical system, two or more focal distance data 
and the location data of the photographic subject over an image sensor are prepared. And every 
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P training sets each (study set) about degradation image g (r) and ideal image f (r) to it (i=1-P) 
are prepared as study data about 1 set of specific focal distance-photographic subject location 
data from these data. 
[0021] 

Degradation image g (i) (r) i~1 - P ideal image f (i) (r) i-1 - P amendment image fc (i) If (r) i=1 - 
P fc (i) (r) =Vxg (i) (r) — (2) 

It becomes. Here, it is a performance index E [0022] 

[Equation 1] 
p 

E-S (fc (i) Cr)-f (i) Cr)) 2 /2 
i = l 

= L (VXg (i) (r)-f (1) Cr)) 2 /2 «• (3) 

i = l 

A definition is given. Moreover, each P training set of every is expressed with the following 

matrix notations. 

[0023] 

F= (f(1),f (2), — f (p)) 
G= (g (1), g(2), — t g(p)) 
Fc = (fc(1),fc(2). — ,fc(p)) 

Formula for updating the amendment matrix V, in order to search for Fc =VG and the optimal 
amendment matrix V V (k+1) =V (k) -gamma (dE/dV (k)) gamma: Constant — (4) 
** — if it gives like V (k+1) =V (k) -gamma(Fc-F) Gt =V (k) -gamma(V (k) G-F) Gt =V (k) +(I- 
gamma GGt) gammaFGt — (5) 

(4) Set at a ceremony and it is Gt. It is the transposed matrix of G and I is a unit matrix. 

[0024] Here, it is GGt. It is regular, and when gamma fills 0<1-gammalambdai<1 to all that 

characteristic value lambdai, it converges and the amendment matrix V becomes the following (6) 

types. 

[0025] 

[Equation 2] 

v (oo) -fg 1 Cff x ) ~* - ( 6 ) 

[0026] P study data each about the degradation image G and the ideal image F into which the 
amendment matrix study circuit 20 was inputted — using — (6) types — being based — the 
amendment matrix V — asking — this — R, G, and B — an amendment matrix is learned about 
three colors, respectively, and it memorizes serially in the amendment matrix memory 21. 
[0027] Next, the amendment matrix V is searched for for every color by the above-mentioned 
approach using another data as photographic subject location data using the thing same as focal 
distance data. The amendment matrix V which followed all the photographic subject location data 
that prepared such actuation beforehand, and was acquired is memorized in the amendment 
matrix memory 21. 

[0028] Next, shortly, the amendment matrix V is searched for for every color about one 
photographic subject location data, exchanging focal distance data, and the amendment matrix V 
which followed all the focal distance data that prepared this actuation beforehand, and was 
acquired is memorized in the amendment matrix memory 21. 

[0029] The object for R stored in the amendment matrix memory 21, the object for G, and the 
amendment matrix data for B are written in the amendment matrix memory 1 7 incorporated 
before this image pick-up equipment was shipped to the commercial scene. At this time, for 
example, the amendment matrix data for R, as shown in drawing 3 , they are each photographic 
subject location q1, q2, — qn. Each focal distance f1, f2, — fn It is matched and written in. 
[0030] The amendment actuation which amends a degradation image using the amendment 
matrix memory 17 the amendment matrix V for which below was asked by the above-mentioned 
approach was remembered to be is explained. First, if the focal distance of a lens 4 is inputted 
into the control section 12, the focal location circuit 6 will set up a focal distance by the 
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command from the control section 12. The lens driver 5 drives a lens 4 and acijusts that location 
so that it may become this set-up focal distance. Here, since it is made the simplest possible 
configuration with the 1st operation gestalt, using a comparatively cheap lens in order to make 
image pick-up optical system small, even if it adjusts a focal location, a good focus condition is 
not acquired according to the aberration of a lens etc., but the photographic subject image at the 
time of an image pick-up may deteriorate and fade. However, the amendment processing which 
used the amendment matrix later mentioned even if an image deteriorates at this time can 
restore the original image. 

[0031] Next, after setting the rotation color filter 8 to the R side by the color filter driver 10, the 
photography photographic subject 1 is photoed through the lens 4 with which the focal distance 
was set up, and by CCD9, body light is detected and it outputs as an electrical signal. This 
electrical signal is amplified by pre amplifier 14, and is changed into a digital signal with A/D 
converter 15. The changed digital signal is stored in a frame memory 16, and is sent to the 
amendment image generation section 18 as a picture signal for R (degradation image g (r)). 
[0032] The picture signal for R inputted into the amendment image generation section 18 is the 
following, and is made and amended. First, in the amendment matrix memory 17, amendment 
matrix memory 17a for R is chosen by the RGB selection signal from the control section 12, and 
the amendment matrix V for R corresponding to the photographic subject positional information 
q from photographic subject location detection equipment 13 and the focal distance information f 
from the control section 12 is read from amendment matrix memory 17for R a. Here, when there 
is no same value as the photographic subject positional information q from photographic subject 
location detection equipment 13 and the focal distance information f from the control section 12 
in amendment matrix memory 17a for R, using the photographic subject positional information 
near each numeric value, and focal distance information, the amendment matrix V for R is 
chosen and it reads from amendment matrix memory 1 7for R a. The amendment image 
generation section 18 is the amendment image fc for R by carrying out the multiplication of the 
degradation image [ as a picture signal for R which possesses multiplication section 18a as 
shown in drawing 4 , and is inputted from the amendment matrix V for R t and a frame memory 16 
by this multiplication section 18a ] g (r). (r) is generated and it outputs to a display 19. 
[0033] Next, while setting the rotation color film 8 as G (green) by the color filter driver 10, 
amendment matrix memory 1 7b for G is chosen with a RGB selection signal. 

[0034] The focal distance of the lens for obtaining the image for G is not changed. Therefore, the 
focal distance information f outputted from the control section 12 is the same data as what was 
used at the time of the image for R. 

[0035] The amendment image generation section 18 carries out the multiplication of the 
amendment matrix V for G from amendment matrix memory 1 7for G b for reading the image data 
for G which photoed the photography photographic subject 1 and was obtained from a frame 
memory 1 6, and is the amendment image fc for G. It asks for (r) and this is outputted to a 
display 19. The multiplication of the amendment matrix V for B from amendment matrix memory 
17for B c is hereafter carried out also with the image data for B (blue) obtained similarly, and it 
is the amendment image fc for B. In quest of (r), it outputs to a display 19. 
[0036] A display 19 is the object for R obtained by doing in this way, an object for G, and the 
amendment image fc for B. The synthetic image which compounds (r) and is obtained is 
displayed. As mentioned above, according to the 1st operation gestalt, the image which 
deteriorated by image pick-up can be correctly restored to the original image irrespective of the 
property of photography optical system. The configuration of photography optical system can be 
considered as a cheap configuration by this. That is, the original image can be correctly restored 
having used a cheap lens, simple photography optical system, or AF device that is not high as for 
precision, or by amending using the amendment matrix of this operation gestalt, even if the image 
at the time of an image pick-up deteriorates, since it does not have a device for doubling a 
focus. Moreover, since this operation gestalt is preparing the amendment matrix about each 
three color of R, G, and B, since the cheap lens was used, even if chromatic aberration occurs, it 
amends this and can restore the original image. In addition, when a lens with little chromatic 
aberration is used, it is not necessary to search for an amendment matrix about three colors of 
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RGB, and is good only by brightness data. 

[0037] In addition, when a lens 4 is exchanged for other lenses, you may make it exchange for 
other memory cards according to this, using a memory card removable as amendment matrix 
memory 1 7. 

[0038] The 2nd operation gestalt of this invention is explained below. The 2nd operation gestalt 
picturizes a photographic subject using the photography optical system actually used, and uses 
the obtained image as study data. Here, the photography optical system of a configuration as 
shown in drawing 5 shall be used. It differs mainly from the 1st operation gestalt in that the 
circuit block which consists of an amendment matrix study circuit 20 and study data memory 21 
in the configuration of the 1st operation gestalt which shows this configuration to drawing 1 was 
established further. This circuit block is connected to the study changeover switch 22 prepared 
between a frame memory 16 and the amendment image generation section 18, the control 
section 12 and photographic subject location detection equipment 13, and the amendment matrix 
memory 17. Since other configurations are the same as that of the 1st operation gestalt, 
explanation is omitted here. 

[0039] First, the focal distance of the lens 4 which makes the study changeover switch 22 the a 
side, and the image of the photography photographic subject 1 has a focus in CCD9, and carries 
out image formation to it is inputted into the control section 12. Here, when the photography 
optical system 7 has AF function, AF control section which is not illustrated performs the input 
of the focal distance of the lens 4 to the control section 12, and when the photography optical 
system 7 does not have AF function, an operator performs it by the manual. The lens driver 5 
drives a lens 4 and atjjusts that location so that it may become this set-up focal distance. Next, 
after setting the rotation color filter 8 as R (red) by the color filter driver 10, the photography 
photographic subject 1 is photoed through the lens 4 with which the focal distance was set up, 
and by CCD9, body light is detected and it outputs as an electrical signal. A pattern as shown in 
drawin g 7 used with the 1 st operation gestalt as a photography photographic subject 1 here is 
used. However, with the 2nd operation gestalt the actual chart which has a pattern as shown in 
drawin g 7 is used as a photography photographic subject 1. The electrical signal outputted from 
CCD9 is amplified by pre amplifier 14, and after being changed into a digital signal with A/D 
converter 15, it is stored in a frame memory 16 as image data. Moreover, the image data written 
in the frame memory 16 is written also in the study data memory 21 as study data. The rotation 
color filter 8 is changed similarly and the image data obtained by performing the above- 
mentioned actuation also about G (green) and B (blue) is written in the study data memory 21. 
At this time, the focal distance information f from the control section 12 and the photographic 
subject positional information q from photographic subject location detection equipment 13 are 
detected, and the study data memory 21 memorizes. 

[0040] The image data memorized to this study data memory 21 is used as ideal image f (i) 
explained in full detail below. Next in order to capture a degradation image, image data is stored 
in the study data memory 21 like the actuation which changed the focal distance, the 
photographic subject location, and the color filter, photoed the photography photographic subject 
1 , and was shown above. At this time, the focal distance information f from the control section 
1 2 and the photographic subject positional information q detected with photographic subject 
location detection equipment 13 are memorized by the study data memory 21. The focal distance 
information f, the photographic subject positional information q and color filter information, and 
image data match, and are memorized by the study data memory 21. 

[0041] How to search for the optimal amendment matrix using the study data for which below 
was asked by doing in this way is explained. Ideal image f corresponding to this as what has the 
image data of P sheets here (i) Degradation image g (i) It uses and an amendment matrix is 
decided. 

[0042] Here, it is ideal image f (i). Degradation image g (i) Amendment image fc (i) A matrix 
notation is used like the 1 st operation gestalt and it is F= (f (1), f (2), — t f (P)). 
G= (g(1),g(2). --. g(P» 
Fc = (fc(1).fc(2). — ,fc(P)) 
A definition is given like Fc =VG. 
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[0043] And initial matrix [ of the amendment matrix V ] V (1) It gives and the amendment matrix 

V is evaluated based on the following (7) types and (8) types. Here, the following formulas are 
used as a performance index e. 

[0044] 

[Equation 3] 

p P 

e= x: (fc (i) -f (i) ) 2 /2= (Vxg (i) (r) -f (i) ) 2 /2 

i=l i=l 

- C 7 ) 

[0045] Value ec only with a predetermined value give redundancy here and larger although a 
performance index e is considered to be min when de/dV is set to 0 than the minimum value It 
uses and e is ec. Evaluation shall be closed when it becomes small (i.e., when the following (8) 
types are filled). 
[0046] 
e<ec — (8) 

first, an amendment matrix — initial matrix V (1) it is — the performance index e at the time is 
searched for, and it judges whether this e is filling (8) types. When filling here, it is initial matrix V 
(1). Although adopted as an amendment matrix, when not filling, an amendment matrix is updated 
based on the following (9) and (10) types. 
[0047] 

V (k+1) =V (k) -gamma (de/dV (k)) — (9) 

** — if it gives like V (k+1) =V (k) -gamma(Fc-F) Gt =V (k) -gamma(V (k) G-F) Gt =V (k) +(I- 
gamma GGt) gammaFGt — (10) 

And the value of the amendment matrix when filling (8) types is adopted as optimal amendment 
matrix V. 

[0048] The actuation which searches for the amendment matrix V which used and described the 
flow chart of drawing 6 above below is explained further. First, the degradation image as photoed 
study data of P sheets is prepared (step S1). Next, initial amendment matrix V (1) (7) evaluation- 
of-expression function e is calculated by using (step S2). Although a unit matrix is usually used 
as an initial amendment matrix, other matrices may be used if needed. Next, a performance index 
e judges whether it fills that it is below a threshold, i.e., (8) types, and, as for the case of YES, 
makes an initial amendment matrix the amendment matrix of normal (step S9). In NO, it 
progresses to step S4, it updates an amendment matrix based on (10) types, and determines a 
provisional amendment matrix here (step S4, S5). Next, a performance index e is calculated using 
this provisional amendment matrix, and it judges whether this fills (8) types (steps S6 and S7). 
After shifting to step S8 and updating an amendment matrix based on (10) types, in NO, it 
returns to step S5, and it repeats the processing which determined and described above the 
following provisional amendment matrix V here. 

[0049] Let the value of the amendment matrix when filling the above-mentioned processing 
repeatedly until the performance index e filled (8) types be the amendment matrix V of normal 
(step S9). The amendment matrix finally acquired is written in amendment matrix memory 1 7a for 
R of the amendment matrix memory 17. When an amendment matrix is not searched for by the 
above-mentioned approach, it learns by resetting up an initial amendment matrix. 
[0050] Thus, after searching for the amendment matrix about each focal distance information f 
for R (red), and each photographic subject positional information q, in quest of the amendment 
matrix about each focal distance information f for G (green) and B (blue), and each photographic 
subject positional information q, it writes in amendment matrix memory 1 7for G b, and 
amendment matrix memory 17c for B at each similarly. As shown in drawin g 3 also in this case, 
they are each photographic subject location q1, q2, — qn. Each focal distance f1, f2, — fn It is 
matched and written in. 

[0051] Thus, after the amendment matrix V is memorized by the amendment matrix memory 17, 
the study changeover switch 22 may be changed to the b side, and the circuit block which 
consists of an amendment matrix 20 and study data memory 21 may be removed from this image 
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pick-up equipment The direction which shipped this image pick-up equipment to the commercial 
scene where this circuit block is removed can supply the whole equipment cheaply. 
[0052] The amendment actuation which amends a degradation image using the amendment 
matrix memorized by the amendment matrix memory 17 in the image which deteriorated by the 
image pick-up of a photographic subject below is explained. First, if the focal distance of a lens 4 
is inputted into the control section 12 t the focal distance setting circuit 6 will set up a focal 
distance by the command from the control section 12. The lens driver 5 drives a lens 4 and 
adjusts that location so that it may become this set-up focal distance. Here, since it is made the 
simplest possible configuration with the 2nd operation gestalt, using a comparatively cheap lens 
in order to make photography optical system small, even if it ac}justs a focal location, a good 
focus condition is not acquired according to the aberration of a lens etc., but the photographic 
subject image at the time of an image pick-up may deteriorate and fade. However, the 
amendment processing which used amendment MATORIMAKUSU later mentioned even if an 
image deteriorates at this time can restore the original image. 

[0053] Next, the photography photographic subject 1 is photoed through the lens 4 with which 
the color filter 9 was set as R (red), and the focal distance was set up by the color filter driver 
10, and by CCD9, body light is detected and it outputs as an electrical signal. This electrical 
signal is amplified by pre amplifier 14, and is changed into a digital signal with A/D converter 15. 
After this digital signal is stored in a frame memory 16, it is outputted to the amendment image 
generation section 18 as picture signal for R g (r). 

[0054] At this time, the focal distance information f from the control section 12 and a RGB 
selection signal, and the photographic subject positional information q from photographic subject 
location detection equipment 13 are supplied to the amendment matrix memory 17. And 
amendment matrix memory 17a for R is chosen by the RGB selection signal, the amendment 
matrix V for R which corresponds from amendment matrix memory 17for R a by the focal 
distance information f and the photographic subject positional information q is chosen, and it is 
outputted to the amendment image generation section 18. Here, when there is no same value as 
the photographic subject positional information q and the focal distance information f in 
amendment matrix memory 17a for R, using the photographic subject positional information near 
each numeric value, and focal distance information, the amendment matrix V for R is chosen and 
it reads from amendment matrix memory 1 7for R a. The amendment image generation section 1 8 
is the amendment image fc for R by carrying out the multiplication of the picture signal [ from a 
frame memory 16 ] for R g (r) to this amendment matrix V for R. (r) is generated and it outputs 
to a display 1 9, 

[0055] Then, the rotation color filter 8 is set as G (green) by the color filter driver 10. The focal 
distance of the lens for obtaining the image for G here is not changed. Therefore, the focal 
distance information f outputted from the control section 12 is the same data as what was used 
at the time of the image for R. It is picture signal for G g (r) about the image which picturized the 
photography photographic subject 1 and was obtained. It carries out and inputs into the 
amendment image generation section 1 8. Similarly, based on the focal distance information f, the 
photographic subject positional information q, and a RGB selection signal, the amendment matrix 
V which corresponds from amendment matrix memory 17for G b is chosen, and it inputs into the 
amendment image generation section 18 shortly. The amendment image generation section 18 
carries out the multiplication of the amendment matrix V to picture signal for G g (r), and is the 
amendment image fc for G. (r) is generated and it outputs to a display 19. Similarly, it is the 
amendment image fc for B. (r) is obtained and it outputs to a display 19. A display 19 is the 
inputted object for R, an object for G, and the amendment image fc for B. The amendment image 
which compounds (r) and is obtained is displayed. 

[0056] According to the above-mentioned 2nd operation gestalt, the image which deteriorated by 
image pick-up can be correctly restored to the original image irrespective of the property of 
photography optical system. The configuration of photography optical system can be considered 
as a cheap configuration by this. That is. the original image can be correctly restored having 
used a cheap lens, simple photography optical system, or AF device that is not high as for 
precision, or by amending using an amendment matrix, even if the image at the time of an image 



http://www4jpdl.ncipi.gojp/cgi-bin/tran_web_cgLejje 



2006/08/04 



JP,09-074514,A [DETAILED DESCRIPTION] 



10/10 s<— v 



pick-up deteriorates, since it does not have a device for doubling a focus. Since the amendment 
matrix is especially searched for by study using actual photography optical system with the 2nd 
operation gestalt, the high amendment matrix of precision can be acquired more. Moreover, since 
this operation gestalt is preparing the amendment matrix about each three color of R, G t and B ( 
since the cheap lens was used, even if chromatic aberration occurs, it amends this and can 
restore the original image. In addition, when a lens with little chromatic aberration is used, it is 
not necessary to search for an amendment matrix about three colors of RGB, and is good only 
by brightness data. 

[0057] In addition, it is realizable, although the focal distance information on a lens 4 has been 
acquired by moving the location of a lens 4 with the above-mentioned 1st and 2nd operation 
gestalt, in addition even if it uses for example, a liquid crystal lens. That is, the refractive index 
inside liquid crystal is changed and you may make it change a focal distance by placing a liquid 
crystal lens in a fixed position, and changing the electrical potential difference impressed to this 
liquid crystal lens. Moreover, the optical system which used the lens 4 as the single lens and has 
placed it in a fixed position may be used. Optical system can be made still smaller by placing 
optical system in a fixed position. 

[0058] Moreover, since the amendment matrix is beforehand searched for in advance of 
photography of a photographic subject, it has the advantage which can perform amendment 
processing after photography at a high speed. However, this invention is not limited to this, but 
you may make it search for an amendment matrix, performing actual photography. The high 
amendment matrix of precision can be acquired more by this. 
[0059] 

[Effect of the Invention] According to this invention, the image which deteriorated by image 
pick-up can be correctly restored to the original image irrespective of the property of 
photography optical system. The configuration of photography optical system can be considered 
as a simple and cheap configuration by this. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] It is drawing showing the configuration of the image pick-up equipment concerning 
the 1 st operation gestalt of this invention. 

[Drawing 2] It is drawing for explaining study actuation of an amendment matrix study circuit. 
[Drawing 3] It is drawing showing the data configuration of amendment matrix memory. 
[Drawing 4] It is drawing showing the configuration of the amendment image generation section. 
[Drawing 5] It is drawing showing the configuration of the image pick-up equipment concerning 
the 2nd operation gestalt of this invention. 

[Drawing 6] It is a flow chart for explaining decision actuation of the amendment matrix of the 
2nd operation gestalt of this invention. 

[ Drawing 7] It is drawing showing an example of an ideal image. 
[Description of Notations] 

1 [ — A lens, 5 / — Lens driver, ] — A photography photographic subject 2 — A field 
diaphragm, 3 — A diaphragm driver, 4 6 [ — CCD, ] — A focal distance setting circuit, 7 — 
Photography optical system, 8 — A rotation color filter, 9 10 — A color filter driver, 1 1 — CCD, 
12 — Control section, 13 [ — Frame memory, ] — A diaphragm driver, 14 — Pre amplifier, 15 — 
A/D, 16 17 — Amendment matrix memory, the amendment matrix memory for 17 a — R, the 
amendment matrix memory for 17 b — G, the amendment matrix memory for 17 c — B, 18 — The 
amendment image generation section, 19 — Display. 
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JE^h'J^X^^U 1 7 bfc, B (») fflffiiEV h y £ 

x**y i 7 c t(**n^F n, ^(tiftiMMiEts 

fcfeOffilEx-:* fc UTORfflfilEv h y £Xfc Gfflffi 
SET h U * X fc B fflffiiE^ h y * x fc tffc 6fr Ui6*A6 

6ftTEit*nTiostf, wtcowie^m;**©* 

20 coo 1 8] m2iic<D£?mm-?hvt7>*wBit 

ftfcJiaHfl^SttTttTfca^«¥SfcJ:oT»Ev 

hy*x*tH("r**liEvhy^x*s@»2 0k, * 

toftMiEv h y ^x*ieiit5fc*6©iiiE^ h y *x* 
ty 2 1 t**{iL.T^o ccz\ m&mmmi 
(a) ~ (c) ic-mtLTjfiLitizstt* ytmtms. 
t %¥-mT'<Dm&®fo$m®%mLT* ft « i 3 

*Bif, WTT?»a-r**SiE^hy*X3b'J:»)aiE4t. 
30 cDt^:5o CO/<^->a*WTTttP4:LT*ai/T 
*ft» ^ftiffif^t*, tt^fMBKttttSn 1 3*M* 
aLftfttEliKJt** 7 1 tvmo&t&tit 

$8, MUSiSIIK£sa6«ttt£LftfflElie3t¥S7<0 
m^lfgSHf «Rtfl»Eli»3t*R 7 (CM-f 6Rtt±OJt 
^«HWBk*ffl^TffiBB«HI»*-p**(WE/<*->fll 

coo 1 9] -»ta»je¥S*ftUTiMrt-5ci:te 

±oT7COH«*^bbft«^» ^ftiBfSg (r) tCRff 
S<D?iiEV h 'J * X V £s!3f LTJflEiltfli f c ( r ) * 

So 

C00 2 0] 

- (1) 

>^yh (^it7h) (i = 1~P) *¥Hr-* 
CO 0 2 1 ] 

^{kiBft g'" (r) i — 1 ~ P 
aSBft f '" ( r ) i - 1 ~ P 

MEW* fc '" (r) i = 1 ~P 
50 t?Zt, 



(5) «FM¥9-7 4 5 1 4 

7 8 
fc'" (r)=VXg'" (r) -(2) 

ccx% tmw&E% * c»i] 

[0 0 2 2] * 

E=S (fe (i) CD -f (i) (r) ) 2 /2 
i = l 

= L (Vx 8 (i) (r)-f (i) <r)) 2 /2 ~<3) 
i = l 

P#f^©fthU-->jr-fcyh* s*Fc = (fc'" . fc 81 . -. fc <p> ) 
WT©fr5>jai2-P*1-. 10 Fc =VG 

[0 0 2 3] ^LT, hy*XV*#«>*fci&fc, MiE 

F= (f w . f" . -. f"" ) vhU*^V*Hift*fe46©S* 

G= (g"* . g" . -. g'" ) * 

V ,k,Y =V W -y (d E/dV"' ) y : JEft - (4) 

V (k "* =V tt ' -y (Fc-F) G' =V U> -y (V <u G-F) G' 
=V <1> (I-yGC' ) +yFG' - (5) 

(4) Sfcfe^T, G' ttGflEXEBfTMTfcO, It**- ★ *KBjE^hy**Vttl|!WLTW"R> (6) Sfcft 

[0 0 2 4] CCT, GG' j^JEWP, frOtO^T© 20 [0 0 2 5] 
HttffiA i KWLTy#0< 1 - y A I < iZffitctt* [&2] 

V (0o) =FC t (FK* ) _1 •• i6 ) 



[0 0 2 6] »IEvhy*X¥H®f&2 0fcl:.Mj**ifc 

gftBftc taagiB«FKi«i"r*»pflo*Bf-** 

m^X, (6) at»^TMIiEvhy*XV**», 
[0 0 2 7] j»jSrat-7*— # 4: UTWl5t.©*ffl 

h'J ***ty 2 1 fcE1ILT^<o 

[0028] ^sii, i -o<DtimmmT-5'ic 

y *xv*1#iev h u y 2 i KEtttt*. 

[0 0 2 9] ffiiEvh'J^X^t'J 2 1 KB*.&ftfcR 
ffl, cm. Bfll<0«iEvhy*XT-*H;, 

*y 1 7 lC§£ii£tt5 0 COi:*«*tf R HOMIER 
hy*Xr-*H\ H3te*-rJ:3K£tt¥KffiBq 
i . q> . -q. fc&tt££llfi . ft . -f. 

[0 0 3 0] WTfc. ±eLfc£BT*#«>&ftfc*iiEv 

h y * x v tfEtt«ftfci«ET h y * x* * y 1 7 *tt 
fflLT*ft:H«**fiEt**BiE»ffto^TKifl"r*. 



ST, U>X4flD«UMi«*3>hn-;WBi 

T5t, l^ffifi!6^lHlSS6«3>ha-;l/g|?i 2ft»6 

Rte StifcHUSUBiKa* «fc 3 fc U>X4 £Btt LT* 

e> ft fWflW jWWI: L T * . 

IEv hy *x*ffiffltfcttiEftSfc,J:oT7E©B«*« 

[0 0 31] #fcfe7-f;l/£ Kt^I OtcJccTlslffi 

fcU>X4*fflLTl«*5ftl*«BU CCD9T- 

40 tfrfVTVfl 4T?JiS«n, A/Da««l 5T'f->' 

-A^^iJ 1 6Kg*t,tt, RfflBfllA^ (Mllg 
( r ) ) t LXWiEW&£.l$.$l 1 8 fc&e>ft5o 
[0 0 3 2] ffilEBft£j£ttl 8fc,Wj**ifcRfflB«t 
fi^ttMTOiSfcbTflliESft*. *1\ SGEThy 
£X**'J 1 UOs^T. 3>ha-;Ug|5l 2*^&©R 
GBWRflWfcJ:oTRffl*liEvhy*X**y 1 7 a 

<ftB1S$8qfc. 3>ho-;l/»l 2fr&Oft£gS1ltfl[ 

so f tcjtjsr* RffltfiiEv h y * x v # r ffljiiET h y * 



(6) 

9 

X**'J 1 7 a Zffi&tiit n% B CCT\ ffi^MHB 

gf5 1 2 &Qft£EBflHR f i:|S]-cD<iItf RfflffiE^ h 

fi^fc^ttttllMH, flU^»TWB*ffi^T, RfflffilE 
vhy*XV*jHRU RfflffiE^HJ^T^'J 1 7 
afr?>K#tiJto MiEBflk^lSffi 1 8ttH4t^f±5 
&S1WK1. 8 afclMILTfc!), C(DSSSI51 8 aT'R 

6RI8B«ffl9fcLT©£{fcB«g (r) i:**lW* 10 
•IkfcJcoTRfflSIIEHOfc (r) *4*LT*jS» 
Hi 9^\til^t5o 

[0 0 3 3] ^K^^l/* F"5-fVS 1 OtCi-pTlHl^ 
fi7*;W»8*G (») fcRJETftfcfcfcfc, RGBS! 
««#K«fcoTCJBtSiEvhy*X**y 1 7b£3i#? 
■f5. 

[0 0 3 4] GfflB«*f»4fci6<OU>X©JSRjSaBBa: 

nsft£E£flMH f « RJBB»0Wrlcfli^fcfc©4:BI i; 
r-^T&S. 20 
[00 3 5] MuEBfl&JftflS 1 8 1 Z®B 

LTff&ftfcGJBB#f f -**7l'-.Z»;<*y 1 6fr£> 
^ttlLTCntCGfflffiEvhU^T.^'t'J 1 7 b*»6><0 
G fflffilE^ h 'J * 7. V fcfiig LT G flftfiEBtt f c 

(r) cnsajSMSHi Q^m^-r*. WT» 
mmicLxm^ntcB cm jaBfcf-^Kotvrfc, 

BflMflE^by *X**y 1 7 cfrP><DBffl*itIEvHJ 
£ X V *Sf¥ LT B mmESm f c ( r ) **i6TSl^ 

[0 0 3 6] H^SBl 9tid<DJ:^lcLTt|P>nfcR 30 
m. Cm, BfflffliEHflifc (r) *-&j«l,T?*&n* 

^dtB«i**s-r*. mi^ffljgitcckntf, « 

4»*iE»k:7cOB«Kai7Er*<: fcj^T**. cntc J; 

BflfcW&fcLTfe, *ftH«»©tajE^hy*x*ffl^ 
T«GE-r«CfcKJ:t)7cOBfll*iE*K«7£r5i:fc3B» 40 

TtSo sfc, ^BittBttR, g, Bos&^n^n 

7c«0B«*a[7cl?#*. ftfe. &iBHS0'>ft^U>X* 
ffll^fc»£H:, RGBOSfefcOl^TffiiE^MJ*** 

[0 0 3 7] ft ft, ffiE-7h^X^*iJ 1 7fcLT« 
fl&5Jpit&^'J;*7-F£fflt/\ M*tf U>X4*ffiOU 
>Xfc&lftLfcfc*fccftU:£*>&T<fi0**yrt-F 
fcBIWS.fcSfcl/Ct.*^. 50 



WBM 1 9 - 7 4 5 l 4 

10 

[0 0 3 8] UTfc*SW0SB2*«je«*Sttll-r*. 
3?ftO««*fTV\ »&ftfcB«*¥»T-* t LTffl 

fiD««Kfc^TttiEv h U 2X¥»®K 2 0 t^Sr- 
*^t»J 2 l k*^ftSBB57'a'y^** &KRttfcj6 

7b-Wt'J l 6£ffiiEBffi£j£'ffi 8 fcOMKRW- 

2 £tt3ttfflU*tHSH 1 3 fc» ffiiEv h 'J ^X^fJ 

[0 0 3 9] SI", ^•3#xX'l , 'yf 2 2£aMtc 
U 1 ©fttfC C D 9 IC My V tfh-D Tffl& 

r**5ftU>X4©J!IUSBB*3VFn-. , l'Wl 21= 
A^J-f-So CCT% n>hD-;l/g|5l 2^\CDU>'X4CD 
*&jSBB©A*jM\ »KJte¥R7tfAF«!l&*ffLTV 
51:#fcUB«U^A FSiJ«A^\ 7 
#A Fffiftg£SLT^&^t£lc&$ft#*^-j.7/l/ 

t??T a . u >x k 5 - y ' ^ 5 « t ©ks * n fcfiusratt 

ft«J:5fcU>X4*eftLT*0ffiB*iMJ , rs. 3fe 
tc, &7i-;i/^ F^-i^i 0fcioTlllf£fe7-r;l/^8 
£R (*) fclft£l,fc8K flUSBBOKJtSftfcl'VX 
4*ifiUTlWB«¥ft:i *aHBUTCCD9T?*{*«* 

bT«m i nffi^-effl^fcis 7 ts-r * 

fc^U SB 2 ^ffi^Bt^^BI 7 fcS^-T «t 3 * 

Tffl^S, CCD9*^tB7J^n/-=«MfI^{i7' , J7> 
7*1 4TtB««n, A/Da*Bl 5T-r^^;WI^^ 

SAe>ns. 7U-A^*y 1 6tc»tiisn«: 
t#^jA^n?>o ra«k:i,Tiate&7-<;i/^8*w»)e 

*TG (M0 , B (W) fc-^Tfc±e©*ft*fToT 

[0 0 4 0] tOfgf-^t'J 2 1 (ClSlfLfcffl^ 
UTrBa-rsaiUBft f (i) i:UTffll> 

en*. *<kB«*Wt)iiCyfc , *k:, ifc^Kli, 
«¥<*&HR0 : fe7^;l/^^^^T»^¥i* 1 *M& 
L±EC*Lfc*ffi:WI«K:B»7 s -***fir-*y 
2 HcSASo nvhD-;Ug|?l 2*^6 

OMj^MHIHH f fc, «¥{*fiS«tfS^l 1 3T8WJ* 

nfc it^ttBfliffiq fe¥»f f -*^e , j 2 1 tieigs 

*19«i:, B»f ? -< , ttWftft*tTi)SBf*-*^*y 2 



(7) 



If F»B¥ 9-7 4 514 



11 

i tcieissn^o 

[0 0 4 1] WTfc, «:OJ:5KLT*465nfc^Hf f 

*kev by 



[0042] cc-ett3isns»f 



*{tiB«g 



ffiiEBfi f c i t mmcmm 



F = (f«" 



12 
g 



) 



f <p> : 

P 



*10 
p 



* G= (g , g 

Fc = (f c , f c , f c ) 
Fc =VG 

[0 0 4 3] *LT, ffilEvhU^XVO^T^JV 
*$7L, tTF© (7) xS&tf (8) Sfc*3^TM 

[0 0 4 4] 
[»33 



_ f (i) } 2 /2= ^ (Vxg 
1 = 1 



(i) 



<r) - f 



(i) 



) 2 /2 



(7 ) 



★ £tt«"M> (9) 



) 



G" =V <k> 
+ y FG' 



30 



[0 0 4 5] d e/d V^OUZftofct^KMHISe 
e<e. 

ffiBflfte***, COetf (8) SfcWfcLTliS&fri? 20 7.£HSrfS 
3*»*WKt*o CC-e»febT^**^H:«])B(T5«JV [0 0 4 7] 

V ft '" =v ( ° -y (de/dV 

(DiSfc-S-ASfc, 

V <k -" = V " -y (Fc -F) 
= V W (I-yGG* ) 
*bT, (8) 3*»fcLfcfc#<D*iIEVby**®« 
^ftjlfciflEv h U * X V t LT^ffl-T So 
[0 0 4 8] JCtTfc, H6©7D-^-t-h*««,"T± 
EtfcffilE-? h 'J **V*#»*fif|s*S6K:BM!+ 

XV 1 " *ffl^T (7) SOff«H*e©tt»*1f5 
Ury/S2). fflJWfmvhy*xfcLTH1IHi¥ 

(8) sfctttrfrHSfrfcwwu YEsoiKua 

)WtiiEvH)*^*iE*©tiSiE^hy*^4:-r* (Xf 

TOO) £K:a^T*ijEvby*;w>M*r*froT 
BS«|iEvHU*X«ftS1-* Uf'^S4, S 
5) 0 *KC©W6«ilThU*X*ffl^TIMil«»e 

oftw*tTi\ ctiff (8) aiWfc-r^^a^WK 

t« Uf7^S6, S7) o CdT-NOcOJi^iXT 1 
■yrS8K»tTUT (10) SKM^XWiiE^ h 'J * 

[0 0 4 9] ±ffiU/-cfflg^fF«3$eA^ (8) 



[0 0 4 6] 

■• (8) 

(i o) isycl 



(9) 



-y (V' 



40 



G-F) G 
- (10) 

»WK» e>nfcfflIE^ h 'J *Xfi*fIEV b y £***y 
1 7©RfliMfiEvby ****y 1 7 afcSt&Sft 

[0 0 5 0] COiSfcLTR (jfe) fflO&Ml&EJIIII 

$8 f Ris&w.mmmm®q imtzniE-? b y 

IsiSllctTG OK) , B (#) 
Kltffi f Rtf«t¥f*(ftB1IMiq KH-T *»IE^ h 'J f 

**#«>TGflHiiIEvb y 1 7 b, BfflSlE 

vh'j^t'J l 7 cfc^tt^tifcafci&ty. coi 
^tH3K^-rJ:3t» &W*{&Hq. . q z . -q 
. k&toSMmti . fi . -f. ttfiitlfcW&tiT 

»t&£nso 

[0 0 5 1 ] CC^cbTtSlEvby^XVtfffilEv 
HJ*X**y 1 7fcE*2rtlfc**, ¥WH!>8*.* 
■Yy*-2 2*bflBfc:$)!)tf*.T, liiE^hyfX2 Oil 
r-***y 2 1 fcjtr&&*lalH7Dy**;«Mk 



[0 0 5 2] fiTFfc. *5#©aM»K«toT*ftLfcB 

{i^ffiiEv b y * y 1 7 icfcMSSftfcMiEv b y 

So £?s U>X4«ftLSE(l*3>hD-;l/»i 2tc 



(8) 

13 

M 5 ti c ORj£ * tifc jllUSiBBfc * * J: 9 U 4 *JB 
■(lLT*OffilI*IMir*. ECU, £2fttttgg*F(i 

■©BW«t-p T UvXcDUXMS £te J: t) A» 

a"i-««jEvhu^*x*ffifflLfciijEjasfc:«j:oT7c 10 

(DW**1Mji+ % c 4: #T*f S. 
[0 0 5 3] fi7-r;l/*K7-<>M OtCioTfe 
7<f^9*R <#) JcBteUT, «USE*©Bb£«n 
fcU>X4*ifiLTBlB*Sf*l*lil&U CCD9T- 

#(*yj7>ri 4T«W£tU A/Dgg5g§l 5tf 
s/*£;W§*§ic^&£ft5o C(Df f > ? ^;HI^«7 P-A 
y^'J 1 6C**6*vfctft, RJBBBflWg (r) 
TMiEBfl&JSffi 1 8^\Ul^^4a5o 
COO 5 4] C<Ott. IflEvh-y ^X^'J 1 71C 20 
(4, a>ha-;HBi 2ft>50flUggMnMHf&tfRG 

H1««!qi: ft 5o ^LTR G Bj8#?ffi!^-f;:<fco 
TRffiffiIEvHJ*X**y 1 7a*TOn, HUME 
ftflltt f £V&tMtLmilto qCioT R fflffiiEv h 'J * 
X^'J 1 7 afr&»lS*5Rfl!ttIE^hy**V#» 

v&tiTWaEmv&im \ sfcmasti*. cc-p, is 
^wffiiiwH q &tf *uaEAMi« f i ra-oittf r eii 

lEvhy^X^ty 1 7 atactica* ^ft^fttO 
»fflKifi^S5f*ttllflHB, 8USB«IMB*JB^T, R 30 
ffl«iE-7hy»XV*«RU RflMKE^hy**** 
'J 1 7 afr&R#tli-ro «uEB*5b*ttl 8tt, £<DR 
fflffiiETh'J i?XVt7b-Ap< : &U 1 6A^<DRfflii 
«ffi»g (r) i:**lW* C.fctc J: oTRJMltiEBB 

fc (r) **fe*LTa*«Bi g^aa^'r*. 

CO 0 5 5] Utlr^T§l7w;l/* K5-f 1 OlCfcoTdl 
Kfi7-<;W8*G (M) tclS^tSo CCT'Gffllifi 

ttRJBBBOBJfc^fcfcOfcRUT-tS'-ea&S. BE 40 
S^tt 1 *»» LTf»&ftfcBB*GfflB«ffl*g 
(r) i: LTMiEH«±J*« 1 8(cA73-f5o Met 

T*R£EBiftffi f mfcmmmq t r g bs^a 

^ca^T^StiGfflMIE^M^^t'J 1 7b*> 

1 8lcA*rt£o ttiEflft±£ffil 8«GfflBf^#g 
(r) £WiEvhy**V*:«MILTGflMlJlEB«f 

c (r) *4fi8LTa**n 9^ta*j-r*. ratti 

T, BfflflliEBftfc (r) «19T£a*8B 1 9^tiJ^ 

&*SB 1 9liA^?ftfcRfflx CJfk BfflfiE 50 



^¥9-7 4 5 1 4 
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Bftfc (r) *£rtLT»&tt*MIEB«*lijjVr 

CO 0 5 6] ±Kbfc»2*KH&ttlcJ:fti4\ «KJfc¥ 
KOfcttfc frfrfe 6-f . fflfSlc «fc o T£{t LfcBBfciE 
Bfcrc0BB£1l7c - i"*£i:ffT**. cftKioTB 

fcfc^SfcfcOBBfcftfcfc^fcftfcBB^BBtffc 

7cOB«*iEfilKll7ct*ct36i«T**. Wc»2fUS 
»ttTtt*ISO»»Jtt¥**ffl << *fc¥BK ct i TfflEv 
MJ***#«>TV*fl!)T?, J: ^iE^h'J 
^x%#*«l4:3bTt*. Sfc, *SUWBffltt*R» G, 

B <D 3 fe^-ft^fttCO^TMlEv b 'J *X£fflj§C LT^ 

0'>^>U>X^ffl^/cJi^i, R G B©3fele:'Ol>T 
*KEvhy»X**i6*£«tt*<» 

CO 0 5 7 ] ±ffitfc^ 1 SlHS2*M0B!i"e 
14, L/>X 4 Oj»jaB«1IMB*l/>X 4 OfflB*»«« 

•fr*«k5KLTtJ:V^ $fcU>X4**U'>XlctT 
B€EBbfeJt^3R*ffi»bTfeAi/>. «*JR*HSE 
fi-T 5 C t tc «fc 0 Jt^S * * 5 fc/J^S ict 5 C t *<T* f 

CO 0 5 8] *KEvhy^^ttaW{*©a»Kit 
HJ£*nr. H^li^«:ff^*A^MiEvhy 
[0 0 5 9] 

C^co&HI] *%WtcJ:ft{f, «»3t*3RO»ttt^ 
**W»froSffia:*<S 1 1 S c 4: t *. 

C@ 2] ffimv h y ^x^s[5]!S«D^si){t*ra-r5 

CB13] JilEv MJ ^T.^tyor-^^fiSc^-rST* 
C0 4 ] ttmBfc£#W©*fiR*jR*HTfc*. 

C0 si *%w<Ds 2 nm%mc%z®imm(o®f$.z 



(9) 



WM¥9-7 4 5 14 



15 



m 6 ] *mR<o% 2 mmmm^MiE^ h y * xcoftjg 
[07] aaai«o-ffij**-rHT***. 

[ft^cDM 

& 7-«BJtt*S, 8 -131667 9-CC * 



16 



* D> lO-^^WH^M, 11 -CCD, 12- 
nyi-a-^gfl, 1 3-8& K?-M» 14-7*'J7> 
7\.15-A/D, 16-7V-Wt'J, 1 7-ffiiE 
vh'J^t'J, 1 7 a -RfflffilEvhU^T.^^ 
•J, 1 7 b-GfflttiEv HJ****y, Wc-BJB 
MiEvhU^x^tU, 1 8-ttIEBft£j£& 19- 



[01] 



2 







CCD 









li 3 


tl 6 




It 12 T 











-13 




T 
18 



13] 



20 



[04] 



XI 


<l 


<2 


*3 


f< 




<h 


Vn 


V|2 


Vl3 


V|4 




q 2 


V 2 I 


V22 


V23 


V24 




13 


V» 


V32 


V33 


V34 






V4I 


V« 


V43 


V44 

















,1 8fflIES«£fSSl 




(10) 



»9-7 4 5 1 4 



[as] 



zbgh: 



M3 




22 *WJ» 



I 

16 



[B6] 



17] 



-Si 



wmmn (7) stow 
it 




do) acareuit 


^,S4 




















■ + 




fttBKB (7) 5&>»t 
0 


,se 






_ NO 
















— S9 






wmm 



(d) 





ail 



mm 



(e) 



